Abstract. Porcine relaxin is a peptide hormone belonging to the insulin super family that has a variety of biological functions. The present experiment was designed to investigate the effects of relaxin on sperm function and on in vitro fertilization (IVF) of porcine oocytes. Porcine spermatozoa were washed, swum-up, and incubated for 1-4 h in mTALP medium supplemented with 0, 20 or 50 ng/ml porcine relaxin. Motility was determined by observing the type of forward movement of the spermatozoa, and acrosome status was evaluated by applying the triple staining technique. Immature oocytes were aspirated from antral follicles and matured in IVM medium (modified NCSU-37). Matured oocytes were co-cultured with spermatozoa in IVF medium (mTALP) supplemented with 0, 5, 10, 15 or 20 ng/ml relaxin. After 6 h of sperm-oocyte co-incubation, putative zygotes were cultured for 18 h in oocyte culture medium NCSU-37 and then assessed for the rates of monospermy, polyspermy, and male pronucleus formation after acetic orcein staining. Relaxin improved (P<0.05) sperm motility and increased the percentage of acrosome-reacted live spermatozoa during 1-4 h of incubation, although viability was not significantly improved. Significantly (P<0.05) the highest percentage of monospermic (31.7%) and lowest percentage of polyspermic (16.5%) fertilization was achieved from the sperm-oocyte co-culture group treated with 20 ng/ml relaxin as compared to other groups. The percentage of male pronucleus formation was significantly (P<0.05) greater in the 20 ng/ ml relaxin-treated sperm-oocyte co-culture group than in the other groups. These results indicate that supplementation with relaxin is capable of improving sperm function and fertilization of porcine oocytes in vitro. Key words: In vitro fertilization, Porcine oocyte, Relaxin, Sperm acrosome reaction (J. Reprod. Dev. 52: [657][658][659][660][661][662] 2006) elaxin has been clearly identified as a hormone of pregnant mammals. Many structural and functional changes of the reproductive tract during pregnancy have been ascribed to relaxin, including cervical softening and relaxation of the uterus and pelvic ligaments [1] . Relaxin is a member of the insulin super family and is a peptide [2] with a molecular weight of approximately 6,000 Da that consists of two chains covalently linked by two interchain disulfide bonds [3] . Recently, it has been identified in the seminal plasma of many species [4] . Relaxin has been demonstrated in several studies to improve the motility of human [5, 6] and porcine [7, 8] spermatozoa. Miah et al. [9, 10] reported that relaxin increased not only motility, b u t a l s o a c r o s o m e r e a c t i o n i n f r e s h a n d cryopreserved porcine spermatozoa. Pupula et al.
elaxin has been clearly identified as a hormone of pregnant mammals. Many structural and functional changes of the reproductive tract during pregnancy have been ascribed to relaxin, including cervical softening and relaxation of the uterus and pelvic ligaments [1] . Relaxin is a member of the insulin super family and is a peptide [2] with a molecular weight of approximately 6,000 Da that consists of two chains covalently linked by two interchain disulfide bonds [3] . Recently, it has been identified in the seminal plasma of many species [4] . Relaxin has been demonstrated in several studies to improve the motility of human [5, 6] and porcine [7, 8] spermatozoa. Miah et al. [9, 10] reported that relaxin increased not only motility, b u t a l s o a c r o s o m e r e a c t i o n i n f r e s h a n d cryopreserved porcine spermatozoa. Pupula et al. [11] showed that relaxin (collected from pregnant sows) treatment enhanced in vitro fertilization (IVF) of mouse oocytes. Park et al. [12] also reported that incubation of mouse spermatozoa with relaxin increased the fertilization rate of mouse oocytes in vitro. Relaxin enhanced the penetration capability of human spermatozoa in zona-free hamster egg penetration test [13] . Whereas, Chan et al. [14] studied samples from fertile men and were unable to find any effect of relaxin on fertilizing capacity.
However, no study has yet been conducted on the effects of relaxin on IVF of porcine oocytes. The present study was undertaken with the objectives of discovering whether relaxin improves sperm motility, acrosome reaction, viability, and the rate of porcine IVF.
Materials and Methods

Semen preparation and treatment
Diluted semen from Duroc boars was collected from Nagano Animal Industry Experiment Station (Nagano, Japan). Sperm suspensions were washed twice with mTALP [15] medium by centrifugation at 900 × g for 5 min. The sperm pellet was suspended in mTALP medium and incubated at 37 C for 1 h for swim-up. Sperm aliquots of 50 µl, o b t a i n e d f r o m s w i m -u p s e p a r a t i o n , w e r e resuspended in previously prepared drops of mTALP medium containing 0, 20, or 50 ng/ml relaxin (collected from pregnant sow ovarise as described by Kohsaka et al. [16] ) to produce final concentrations of 5 × 10 6 spermatozoa/ml. They were then incubated at 37 C for 1-4 h for evaluation of sperm motility. To evaluate acrosome status, the s w i m -u p s p e r m a t o z o a w e r e r e s u s p e n d e d separately in mTALP medium containing 0, 20 or 50 ng/ml relaxin to produce final concentrations of spermatozoa of 20 × 10 6 /ml and were incubated at 37 C for 1-4 h.
Assessment of sperm motility and acrosome status
After completion of the specified incubation periods, 3 sub samples of each sample were placed on warm glass slides (37 C) for motility and movement quality evaluation. Sperm motility was examined under a light microscope (400 ×) and was assessed by determining the percentage of spermatozoa in the following four categories of movement: (a) rapid progressive motility, (b) slow or sluggish progressive motility, (c) nonprogressive motility, and (d) immotility. Sperm motility was expressed as progressive motility percentage.
To evaluate acrosome status, spermatozoa were stained after incubation by applying the triple staining technique described previously [17] .
Briefly, a 100 µl aliquot (20 × 10 6 spermatozoa/ml) was diluted with an equal volume of trypan blue, incubated at 39 C for 15 min, and then fixed for 60 m i n i n 2 . 5 % g l u t a r a l d e h y d e . T h e f i x e d spermatozoa were stained with 0.8% Bismarck brown at 40 C for 5 min, and then with 0.8% Rose Bengal at 24 C for 30 min. The triple-stained slides were examined by light microscopy (× 1,000). The acrosome statuses of the spermatozoa were evaluated from randomly selected fields of the triple-stained slides until 400 spermatozoa had been examined.
Oocytes collection and in vitro maturation
Ovaries were collected from prepubertal crossbred gilts (Landrace, Large White, and Duroc) at a local abattoir and transported to the laboratory at 30 C in 0.9% (w/v) NaCl containing 75 µg/ml potassium penicillin G and 50 µg/ml streptomycin sulphate. Cumulus-oocyte complexes (COCs) were aspirated from antral follicles of 3-5 mm in diameter with an 18-gauge needle fixed to a 10 ml disposable syringe. COCs were washed 3 times with modified NCSU-37 medium containing 10% (v/v) porcine follicular fluid, 0.6 mM cysteine, and 1 mM dibutyryl cyclic AMP (dbc AMP; Nacalai Tesque, Kyoto, Japan). Groups of 20 COCs were suspended in 50 µl of modified NCSU-37 medium containing 10 ng/ml epidermal growth factor (Sigma Chemical, St. Louis, MO, USA), 10 IU/ml hCG (Sankyo Chemical Industries, Tokyo, Japan) and 10 IU/ml PMSG (Sankyo Chemical Industries), which were added just before culture. The medium had been previously covered with warm paraffin oil in a polystyrene cell culture dish (35 × 10 mm 2 , Iwaki Glass, Chiba, Japan) and equilibrated for at least 6 h. These COCs were cultured at 39 C for 22 h in an atmosphere of 5% CO 2 in air. After completion of 22 h maturation, the oocytes were washed three times in hormone-free basic maturation medium and transferred to 50 µl of modified NCSU-37 medium for an additional 22 h of culture under the same conditions.
In vitro fertilization
After maturation, the oocytes were stripped of their cumulus cells by pipetting with 0.1% (w/v) hyaluronidase. The cumulus-free matured oocytes were washed three times with fertilization medium, and 30 oocytes (total 30 × 6 oocytes for each treatment) were transferred into a well containing 50 µl of fertilization medium covered with mineral oil that had been equilibrated overnight at 39 C in 5% CO 2 in air. The culture dishes were kept in a CO2 incubator until spermatozoa were added for insemination. The IVF medium was mTALP medium containing 3 mg/ml BSA (Sigma Chemical), 2 mM caffeine (Sigma Chemical), and 0, 5, 10, 15 or 20 ng/ml relaxin, according to the experimental design. After washing twice by centrifugation at 900 × g (5 min each time), the sperm pellet was resuspended in 100 µl of mTALP to produce a final concentration of 5 × 10 6 spermatozoa/ml. Then, a 50 µl sperm aliquot was added to the 50 µl of fertilization medium containing the oocytes. The oocytes and spermatozoa were co-cultured for 6 h at 39 C in an atmosphere of 5% CO 2 in air. After 6 h of spermoocyte co-incubation, putative zygotes were washed three times in oocyte culture medium (NCSU-37), transferred in 50 µl of the same medium to a fresh four-well culture dish, and incubated for 18 h at 39 C in an atmosphere of 5% CO 2 in air.
Assessment of oocyte fertilization
At 24 h after IVF, the oocytes were mounted on to a glass slide and fixed for 10 min in 25% (v/v) acetic acid in ethanol. Fixation was done on a 33 C warm plate for the rapid removal of lipids within 10 min. The oocytes were then stained with 1% (w/v) orcein in a 45% (v/v) acetic acid solution and examined under a phase-contrast microscope (IX-50; Olympus, Tokyo, Japan). Oocytes were considered to be penetrated if they had one or more swollen sperm heads or male pronuclei with corresponding sperm tails in the vitellus. Only oocytes containing male and female pronuclei with intact nuclear membranes were defined as having formed pronuclei. Monospermy fertilization was considered to be an oocyte containing one female and one male pronucleus, and polyspermy fertilization was considered to be an oocyte with one female and two or more male pronuclei.
Statistical analysis
The data was analyzed by ANOVA using the General Linear Models procedure of the Statistical Analysis System (SAS Institute Inc., Cary, NC, USA). All percentage data was subjected to arcsine transformation before statistical analysis. The data w a s e x p re s s e d a s t h e m e a n ± S E M . E a c h experiment was repeated three times. Duncan's multiple ranges test was used to determine difference among the treatments. A value of P<0.05 was considered to be statistically significant.
Results
The effects of relaxin on progressive motility, viability, and the percentage of acrosome-reacted live spermatozoa during 1-4 h of incubation are shown in Fig. 1 (A, B , and C). Progressive motility was improved (P<0.05) by the addition of 20 or 50 ng/ml relaxin in mTALP medium during 1-4 h of incubation. Whereas, viability was not altered significantly by addition of relaxin. The percentage of acrosome-reacted live spermatozoa was higher (P<0.05) in the 20 and 50 ng/ml relaxin-treated sperm aliquots than in the control.
The effect of relaxin on monospermic and polyspermic fertilization of porcine oocytes is shown in Fig. 2 . Monospermic fertilization was higher (P<0.05) in the 10, 15 and 20 ng/ml relaxintreated oocyte groups than in the oocytes groups treated with 0 or 5 ng/ml relaxin. A significantly (P<0.05) higher percentage of monospermic fertilization was achieved from the oocytes treated with 20 ng/ml relaxin compared to the other oocyte groups cultured with 0, 5, 10 or 15 ng/ml relaxin. Polyspermic fertilization was reduced (P<0.05) in the groups of oocytes fertilized in medium containing 10, 15 and 20 ng/ml relaxin compared with 0 ng/ml relaxin. The lowest level of polyspermic fertilization was obtained in the oocyte group treated with 20 ng/ml relaxin. The effect of different levels of relaxin on male pronucleus (MPN) formation is shown in Fig. 3 . The rate of MPN formation was significantly higher (P<0.05) than the control when oocytes were cultured in IVF medium supplemented with 20 ng/ ml relaxin, but not with 5, 10 or 15 ng/ml relaxin.
Discussion
The present study indicates that relaxin can improve motility, although it cannot improve the viability of spermatozoa. The largest increases in the rate of motility (57 and 53 %) were at 2 h of incubation when spermatozoa were treated with 20 and 50 ng/ml relaxin, respectively. Juang et al. [7] and Miah et al. [9] reported that relaxin could m a i nt a i n o r i nc r e a s e t h e m o t i l i t y o f b oa r spermatozoa. The present results demonstrate that relaxin also increased the percentage of acrosomereacted live spermatozoa, as detected by the triple staining technique. The increase in the percentage of acrosome reaction in the relaxin-treated spermatozoa was 40% after 3 h incubation. These results agree with the findings reported by Miah et al. [9] and confirm that relaxin improves not only motility, but also influences in inducing the acrosome reaction in porcine spermatozoa, both of which are known as prerequisites of fertilization.
The present results show that relaxin, when a d d e d i n t o t h e I V F m e d i u m , i n c r e a s e s m o n o s p e r m i c f e r t i l i z a t i o n a n d r e d u c e s polyspermic fertilization of porcine oocytes. The increase in monospermic fertilization and antagonistic decrease in polyspermic fertilization was in accordance with the increasing level of relaxin added in the IVF medium. Substantial progress has been made in the development of a procedure to produce porcine zygotes in vitro. However, polyspermic fertilization remains a major unresolved problem. Polyspermy results in early embryonic death and greatly limits the production of viable porcine embryos [18] . The environment in vitro drastically increases the number of spermatozoa that reach the surface of the oocyte and bind to the zona pellucida; however, the reason why this is more problematic for pig oocytes than for oocytes of other species is unknown [18] . We speculate that the induction of cortical granule exocytosis by relaxin prevents spermatozoa from penetrating the zona pellucida and suggest that polyspermic penetration is due to an incomplete or delayed zona reaction [19] . In this study, the addition of relaxin into the IVF medium reduced the incidence of polyspermy to levels approaching 17%.
The present results also show that male pronuclear formation was greater after 20 ng/ml relaxin treatment. Pupula et al. [11] demonstrated that relaxin influenced fertilization of mouse oocytes in vitro. Dennis et al. [20] reported that relaxin improved the IVF rate of human oocytes. Our results are consistent with these results, but are contradictory to the results reported by Chan and Tang [14] . They investigated the effects of relaxin on fertilization, but failed to show any effect of relaxin on the penetration of human spermatozoa into zona-free hamster oocytes. There may be some explanation for their apparent negative results. Presumably, human relaxin receptors may not be recognized by porcine relaxin. The length of incubation in the Chan and Tang study may not have been long enough for relaxin to stimulate fertilization.
The mechanisms by which relaxin influences sperm function and fertilization are still unknown. Further studies are necessary to investigate the mechanisms associated with the effects of relaxin on sperm function and fertilization. However, these results indicate that supplementation with porcine relaxin is capable of improving sperm function and fertilization of porcine oocytes in vitro.
